Introduction
Palliative systemic treatment regimens in patients with metastatic colorectal cancer (mCRC) are frequently accompanied by adverse events (AEs). Reporting AEs is a key component of oncological randomized controlled trials (RCTs) to evaluate patient safety, to improve clinicians' understanding of toxicity, and to assess risk-benefit ratios. 1 AEs are graded by clinicians using the National Cancer Institute's Common Terminology Criteria for Adverse Events (NCI-CTCAE) on a five-point ordinal scale, with higher
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schuurhuizen et al numbers being worse, and grades 3 and 4 generally indicating a need for clinical action. For instance, the following clinical descriptions match the different grades for vomiting: grade 1, 1-2 episodes of vomiting in 24 hours; grade 2, 3-5 episodes of vomiting in 24 hours; grade 3, ≥6 episodes of vomiting in 24 hours and indication for tube feeding, total parenteral nutrition or hospitalization, and grade 4, life-threatening consequences indicating urgent intervention. 2 However, RCTs evaluating new systemic agents tend to limit reporting to severe toxicities only, presenting these as the pooled incidence of grades 3-4 AEs for the total study population. 3 Consequently, lower grade toxic effects are often not taken into account. Nevertheless, these frequently long-lasting toxicities may have a major impact on a patient's quality of life (QOL). In a recent surveystudy, it was indeed demonstrated that a substantial number of patients were unwilling to undergo treatment because of anticipated grades 1 and 2 AEs. 4 Furthermore, a recent cohort study showed that low-grade toxicity had a clinical impact on older patients receiving chemotherapy, and the accumulation of solely grades 1-2 AEs affecting these patients frequently led to treatment modification and discontinuation. 5 Limited information is available on the burden represented by all (including low-grade) AEs experienced in RCTs. [6] [7] [8] Several methods to improve toxicity reporting have been proposed. However, these approaches require access to specific software packages and an understanding of complex AE analyses, 9, 10 are retrospective in nature, 9, 10 are only applicable to specific (inpatient) cancer patients, 6 or require an extensive monitoring system, 6 all of which make them less practical for daily clinical use. Moreover, the majority of these existing approaches do not consider the effect of lower-grade AEs. 9, 11 RCTs evaluating systemic treatments frequently use the two-item global QOL scale of the European Organization for the Research and Treatment of Cancer Quality of Life Questionnaire (EORTC QLQ-30) to assess QOL. 12 We previously reported that global QOL is unaffected by severe AEs due to palliative systemic treatment in patients with mCRC. 13 Concern about the sensitivity of global QOL was also raised in a large cross-sectional study, which revealed that global QOL in patients with cancer was comparable with that of the general population.
14 In contrast, functional and symptom scores were considerably worse in patients with cancer than in the general population.
14 Therefore, global QOL may be less sensitive in detecting changes over time than functional QOL scales, 15 and the impact of cumulative toxicity may be better reflected by physical QOL. 13 Physical function or the ability to perform activities of daily living is an important aspect of QOL for patients with cancer. 16 Furthermore, measures of physical QOL have been shown to be prognostic for survival. 17 The purpose of this longitudinal cohort study was to evaluate the predictive impact of cumulative toxicity on physical and global QOL in patients with mCRC during the first 10 weeks of chemotherapy. We tested the following hypotheses: 1) cumulative toxicity comprising all grades of AEs (grades 1-4) is more predictive for QOL than cumulative toxicity involving only high-grade AEs (grades 3-4) and 2) cumulative toxicity is predictive for physical QOL, but does not (or less strongly) predict global QOL, in patients with mCRC.
Methods
This is a secondary analysis on data obtained in the TES trial (Targeted screening, Enhanced, and Stepped care), a trial on the effectiveness of a combined screening and treatment program compared with usual care in reducing psychological distress in patients with mCRC. 18 This study was approved by the Medical Ethics Committee of VU University Medical Center and registered in The Netherlands Trial Register (NTR4034). All patients provided written informed consent.
Patients
Patients were eligible if they were ≥18 years old, diagnosed with mCRC, and scheduled to receive first-line systemic treatment. They were recruited in two hospitals in The Netherlands between August 2013 and October 2016. Data on AEs were extracted from patient records, with complete data sets available for 105 patients.
source of primary data collection and measurements
Clinicians reported AEs at every consultation, which occurred every 2-4 weeks after start of first-line systemic treatment, and additionally in case of emergency visits. Nonlaboratory AEs during the course of treatment were recorded by grade, as documented in patient records. When no grading of an AE was documented by the treating clinician, grading was assigned retrospectively using the NCI-CTCAE, version 4.0. This was done independently by two reviewers (CSEWS and AMJB), who were blinded to a patient's QOL rating. CTCAE items representing single AEs were graded on a five-point ordinal scale, with higher numbers being worse, and grades 3 and 4 generally indicating a need for clinical action. 2 For each AE, the highest grade (from 1 to 5) was collected over the first 10 weeks of treatment.
Patients completed QOL questionnaires at baseline (prior to the start of first-line treatment) and after 10 weeks of 
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The predictive value of cumulative toxicity on quality of life treatment. Physical and global QOL were assessed with the EORTC QLQ-C30. This cancer-specific QOL questionnaire is internationally validated and widely used, 12 including five items that represent physical functioning and two items that represent global QOL. Changes in QOL of at least 5-10 points are regarded as minimal clinically important differences. 19, 20 Additionally, patient demographics, tumor and treatment characteristics, and Eastern Cooperative Oncology Group Performance Score (ECOG PS) were identified from patient records. Clinical benefit during the first 10 weeks of chemotherapy treatment was evaluated by radiological response and was defined as partial response or stable disease upon CT evaluation.
statistical analysis
Descriptive analyses were performed to summarize patient demographics, tumor, and treatment characteristics. Multivariable logistic regression analyses were used to compare characteristics of patients from the TES trial included in the current analyses with those patients who were excluded. To test the degree of agreement on grading AEs between the two reviewers, intraclass correlation coefficients (ICCs) were calculated using a two-way random effects model. Based on the 95% CI of the ICC estimate, values less than 0.5, between 0.5 and 0.75, between 0.75 and 0.9, and greater than 0.9 are indicative of poor, moderate, good, and excellent reliability, respectively. 21 The prevalence of specific types of AEs was calculated. Cumulative toxicity was assessed for each patient in three ways: 1) total number of severe AEs (grades 3-4); 2) total number of AEs (all grades); and 3) a severity score as the sum of the total number of AEs multiplied by their grade.
Associations between cumulative toxicity and physical and global QOL after 10 weeks of treatment were evaluated using linear regression analyses, adjusting for QOL at baseline. We built separate models for each of the three cumulative toxicity scores. In the multivariable regression models, we adjusted for age, gender (male vs female), clinical benefit after 10 weeks of treatment (yes vs no), type of chemotherapy (capecitabine vs CAPOX(-B) vs other regimen), number of chemotherapy cycles received, number of hospitalizations (0 vs 1 vs ≥2), and allocation to treatment arm of the parent study (intervention vs control arm). Unstandardized regression coefficients (B) and 95% CI were reported, indicating the change in QOL per unit cumulative toxicity, as well as standardized regression coefficients (beta) and R 2 for each model. SPSS version 22 statistical software package was used for data analysis (IBM Corporation, Armonk, NY, USA).
Results
Patient characteristics are provided in Table 1 . Among the 136 patients enrolled in two of the hospitals participating in the TES study, a total of 21 patients were not eligible for analyses in the present study due to missing QOL data after 10 weeks, leaving 105 eligible patients. Multivariable logistic regression analyses revealed no significant differences in baseline demographic and clinical characteristics between the 105 patients included and the 21 patients excluded from the analyses (data not shown). Mean (SD) age of included patients was 65±10 years, 68% were male, and 84% received oxaliplatin-based chemotherapy. An ECOG PS was assigned to 80% of patients at start of systemic treatment, and of these, 76 (95%) had ECOG PS 0-1 and four (5%) had ECOG PS 2. For the majority of patients (87%), palliative systemic treatment resulted in stable disease or a partial response, and 9% of patients had progressive disease at 10 weeks after start of treatment.
A total of 551 AEs were reported for all patients, 435 (78.9%) of which had to be assigned retrospectively. The independent grading of AEs showed excellent reliability between the two reviewers (ICC=0.971, 95% CI 0.966; 0.976). In total, 103 (98%) patients suffered from at least one AE (any grade), and 39 (37%) patients experienced at least one high-grade AE. The remaining 64 (61%) patients experienced exclusively low-grade AEs. The mean number of experienced AEs (all grades) was 5.3±2.7. The mean number of high-grade AEs was 0.6±1.0, and the mean severity score of AEs was 8.5±5.0. The most common AEs (all grades) were neuropathy (70%), diarrhea (63%), and fatigue (59%). Table 2 provides an overview of AEs that occurred in more than 10% of the study population. During the first 10 weeks after start of treatment, 38 patients (36%) were admitted to hospital at least once. The most frequent reasons for hospitalization were diarrhea (22%), fever (11%), vomiting (10%), and malaise (7%).
Cumulative toxicity and QOl
A higher total number of all grades of AEs (B=−2.4, 95% CI=-3.9; -0.9) and a higher severity score (B=−1.4, 95% CI=-2.3; -0.5) were both predictive for a significantly lower physical QOL (Table 3 ). The cumulative toxicity score measured by the total high-grade AEs was not predictive for a lower physical QOL. None of the cumulative toxicity scores were predictive for global QOL (Table 3) .
Discussion
This longitudinal cohort study revealed that a cumulative toxicity score comprising all grades of AEs was more predictive for physical QOL in patients with mCRC receiving first-line chemotherapy than a cumulative toxicity score consisting of only grades 3-4 AEs. This applies to a cumulative toxicity score defined as the total of all AE grades, as well as to a score Percentage of patients experiencing the ae. Abbreviations: AE, adverse event; AF, alkaline phosphatase; ALAT, alanine aminotransferase; ASAT, aspartate aminotransferase; GFR, glomerular filtration rate; GGT, gamma-glutamyl transferase.
defined as the total number of AEs multiplied by their grade (severity score). In this group of patients, the presence of each distinct AE was associated with a 2. 
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The predictive value of cumulative toxicity on quality of life QOL, bearing in mind that these patients had an average of five AEs. This implies that an increase in cumulative toxicity defined as the total of all grades of AEs is predictive for a clinically relevant lower physical QOL (ie, exceeding five points). 19, 20 Similarly, the presence of each distinct grade of AE was associated with a 1.4 point lower physical QOL, against a backdrop of an average of almost nine all grades of AEs experienced by these patients. This indicates that cumulative toxicity, defined as the severity score, was also predictive for a clinically relevant lower physical QOL.
In addition to demonstrating the importance of low-grade AEs for patient QOL, these results question the accuracy of standard methods of toxicity reporting during systemic treatment, which still principally rely on high-grade AEs. The deficiency of the current approach is further emphasized by the finding that almost two thirds of patients exclusively experienced low-grade AEs.
Our outcomes suggest that improvement of treatmentrelated toxicity management through the reduction of the total number of AEs, with prominence given to low-grade AEs, may result in clinically relevant improvements in patients' physical QOL. Physicians should be made increasingly aware that addressing lower-grade AEs in RCTs is as important as higher-grade AEs for optimizing physical QOL.
As expected, no significant predictive association was found between cumulative toxicity and global QOL. These results confirm that global QOL may not be the ultimate measure of the impact of toxicity on a patient's QOL. 22 Our results suggest that physical QOL outcomes may constitute a better measure of the patient toxicity burden. Indeed, shifting the focus to physical QOL -as opposed to global QOL -as a relevant marker of a therapy's effect has been suggested previously. 16, 23 Moreover, physical QOL was shown to be strongly related to toxicity outcomes in patients receiving radiotherapy. 24 When interpreting the results of this study, it is important to consider the following points. First, we tested our hypotheses with a primary focus on treatment-related AEs, even though these are sometimes hard to distinguish from (pretreatment) symptoms of the disease. For instance, QOL may be disturbed by palliative chemotherapy due to treatment-induced toxicity, whereas disease-related symptoms may improve during treatment by stopping tumor growth. Hence, QOL measures may be influenced by cumulative AEs in opposite directions. Second, we collected clinicianreported toxicity data using the CTCAE classification. A lack of reporting standards for AEs in RCTs, and specifically for reporting grades 1 and 2 AEs, has been described, 25 which may have resulted in underreporting of toxicity in the present study. Additionally, the proposed cumulative toxicity scores are based on multiple AE collection intervals summarized into a single AE profile by the use of the worst (highest) grade of each type of event that occurred in any risk interval, known as the worst-grade method. 9 This method masks lower-grade AEs as well as multiple episodes of the highest grade of an event. 9 Third, the absence of an effect of the high-grade cumulative toxicity score on QOL outcomes may have been partly caused by a lack of power, since analyses were conducted using a modest group size of 105 patients, of whom fewer than half reported grades 3-4 AEs. However, a 37% incidence of high-grade AEs is comparable with many Phase III RCTs conducted in patients with mCRC, [26] [27] [28] supporting the representativeness of our sample. Fourth, the homogeneity of a study population included in a trial may affect the generalizability of the results. Cancer type and type of treatment may influence the findings related to cumulative toxicity and its predictive effect on QOL. The presence of more severe treatment-related toxicity is likely to strengthen the effect on QOL, especially in treatment regimens that are notoriously toxic, such as the STAMP-I cisplatin, cyclophosphamide, and carmustine combination treatment in breast cancer patients, which is associated with considerable morbidity and mortality. 29 In patients receiving these types of regimens, it is likely that more cumulative toxicity will be present and therefore a greater deterioration in QOL.
To our knowledge, we are the first to develop a score that encapsulates the impact of cumulative toxicity during systemic treatment, and which is feasible in clinical practice. Previously developed approaches to reporting the total burden of AEs require a substantial infrastructure, 6,9-11 which creates a significant barrier to implementation in routine clinical practice. In contrast, the data used to develop our cumulative toxicity scores can be gathered by any clinician or nurse at any (scheduled) visit and requires only a limited time investment. To complement the CTCAE and address some of the issues mentioned previously, a patient-reported outcome measurement system for toxicity has recently been developed. 30 Our cumulative toxicity scores could be further improved by incorporating toxicity as experienced by the patient and taking information regarding number of episodes, duration, and time of onset of individual AEs into account.
In conclusion, cumulative toxicity scores comprising all AE grades provide a better measure of treatment burden than a toxicity score based on high-grade AEs only. Physical QOL is more affected by AEs than global QOL. Our results highlight a need for future clinical trials to present cumulative toxicity scores that include all grades of AE, in addition to describing physical QOL rather than global QOL.
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